Composite tubes were manufactured using unidirectional carbon fibre (CF) reinforced epoxy (EP) prepreg with tough interleaf which consisted of random PET mat embedded in a modified epoxy resin. Impact tests were carried out in both the axial and transverse directions with different incident energy levels, and compression strength after impact of composite tubes was measured. The residual compressive strength of interleaved tubes was clearly higher than that of base tubes. Composite tubes subjected to multiple impacts in the transverse direction were evaluated. It was found that addition of interleaves could effectively reduce damage growth during repeated impact.
INTRODUCTION
It is well known that tough interleaves can improve interlaminar fracture toughness of composite laminates. Most of published studies were focused on mode I and mode II interlaminar fracture, low energy impact with Charpy, and falling weight impact of interleaved laminates [1] [2] [3] . It has been very clear that addition of interleaves can suppress delamination areas and increase the residual compressive strength of laminates [4] [5] [6] [7] . Furthermore, interleaves can also increase the specific energy absorption of composite tubes in crashing conditions [8] .
This work is focused on impact properties of interleaved composite tubes at different energy levels in both the axial and transverse directions. The failure processes of interleaved tubes in the transverse direction were studied using repeated impact tests, and simple correlation between the impact performance and number of impact was suggested.
EXPERIMENTS

Materials
Unidirectional CF/EP prepreg (Celion 5212, BASF) was wrapped onto mandrel to produce tubes in three configurations with an inner diameter of 40 mm ( Table 1) .
The tough interleaf, consisting of random PET mat embedded in a modified epoxy resin (Structurekleber, BASF), was added between layers of different fibre orientations. The thickness of interleaf is about 0.1 mm. The laminated tubes were cured in an autoclave according to the manufactures recommendation (temperature 125 o C for 2 hours under a pressure of 8 bar). The tubes were cut to the length of 75 mm using a diamond saw. 
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Testing Method
The impact properties of interleaved and base tubes were studied using an instrumented falling weight impact tester (Ceast, Torino, Italy). In the axial direction, an impact head of a conic shape with 45 o conicity was used, and the composite tube was clamped at its bottom. In the transverse direction, the impactor had a half sphere head with a diameter of 20 mm, and the specimen was held on a V shape steel support ( Fig. 1 ) without clamping. Different impact energy levels were obtained by changing the impact speed. Repeated impact was performed in the transverse direction using an incident energy level of 2 J.
Compression after impact in the axial direction was used to determine the residual strength of impacted tubes. Each tube was loaded between two parallel steel plates using a universal testing machine (Zwick 1485) with a cross-head speed of 1 mm/min. 3. RESULTS AND DISCUSSIONS 3.1 Impact at Different Energy Levels T3-A and T3 tubes were impacted at different incident energy levels (E in ) up to 100 J in the axial direction. Impact properties, i.e. maximum load (F max ) and energy absorption (E ab ), of interleaved and base tubes were evaluated. There was no clear visible damage in both tubes when the impact energy level was at 10 J.
However, the residual compressive strength and modulus of interleaved tubes were clearly higher than those of the base tube, when the impact energy level was more than 20 J. The impact and residual compressive properties of T3-A and T3 were summarised in Table 2 . The effect of layup configuration of the interleaved tubes was investigated at an incident energy level of 10 J. Because of different wall thickness of tubes, the normalised impact load was used for comparing Table 2 .: Axial impact and residual compressive properties of the interleaved and base tubes the impact behaviour of the different tubes. T3-A tube had the highest normalised impact load, then T1-A and T2-A (Fig. 2) . The delamination areas (S del ) of the interleaved tubes were clearly smaller than those in the base tubes, which led to the interleaved tubes having high residual compressive strength and modulus. The impact properties of interleaved and base tubes in the transverse direction are summarised in Table 3 .
Multiple Impact
The impact load-time curves of interleaved and base tubes are shown in Fig. 3 . The maximum impact load decreased with an increase in number of impact (NOI). In order to describe the evolution of the impact properties, such as
( UF *3D 7 7$ 7 7$ 7 7$ Table 3 . :Transverse impact and residual compressive properties of interleaved and base tubes. maximum load and secant slope, a simple formula was suggested [9] as follow: (1) N if represents the number of impact to initiate damage, and N ef is the number of impact to reach a saturation stage of the damage. When the value of N ef -N if was much bigger than N if , k=2, otherwise k=1. This formula can be used to describe evolution of the maximum impact load as well as the secant slope in multiple impact tests (Fig. 4) . The correlation with the experimental data of the maximum impact load 
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for cross-ply interleaved and base tubes was shown in Fig. 5 . Similar curves can also be obtained for the secant slope. The parameters for such correlation were summarised in Table 4 .
The N if value was enhanced with addition of interleaves in all interleaved tubes, which means that the interleaved tubes were able to resistant more times of impact than the base ones. N ef values of the interleaved tubes are also clearly higher than those of the base tubes, especially for the T2 configuration. So the values of N if and N ef can be used to describe the repeated impact resistance of tubes.
The total delamination area in both the interleaved and base tubes increased with NOI. The interleaved tubes have much smaller delamination areas than the base tubes, summarised in Table 5 . 
